Introduction: Current energy sources are coming to end and one of the main priorities of the country's management is the energy recovery from renewable energy. Considerable quantity of municipal solid waste (MSW) is one of the most serious urban pollution sources. Impact assessment matrix is a new and fast tool for Environmental Impact Assessment (EIA).
Introduction
An increase in population increases the human requirements. Energy is one of the most important elements that people depend on them due to their life especially industrial activities. Nowadays, all countries rely on the fossil fuels. However, this source of energy is non-renewable and will not meet all the human needs 1 .
To solve this problem, scientists and researchers are thinking about replacing renewable and clean energy with non-renewable energy. Renewable energy has three main achievements including environmental benefits, independence in providing energy, and strengthening the national security 2 . Other advantages are generating reliable electricity at a sustainable cost and producing electricity with minimal environmental pollution that creates opportunities for economic development, especially in underdeveloped and remote rural areas 3 . Most developing countries are interested to use the renewable energy. In many developed countries such as Japan, environmental effects of solid waste have been solved and economical aspects have been estimated 4, 5 .
Establishment of regulations such as sustainable development, reduction of greenhouse gas emissions from landfilling, and appropriate management of the organic waste have accelerated the use of waste conversion processes into energy 6 . Recent studies in the United States showed that about 37% of Greenhouse Gas Emission (GGE) originated from landfills 7 .
The energy recovery potential of solid waste materials is expected to increase from 252,130
GJ/year in 2012 to 525,540 GJ/ton in 2021. In literature, the energy recovery potential of solid recovered fuel production was 2.94 GJ/ton, followed by steam heat generation (2.34 GJ/ton), solid fuel production from sewage sludge (0.77 GJ/ton), biogas production of food waste (0.443 GJ/ton), and landfill gas recovery (0.177 GJ/ton) 8 . Table 1 shows a composition of MSW in some countries throughout the world. As presented, Tehran's organic waste production rate is higher than that of the developed countries 9 . Large amount of the MSW in Iran was formed by residual food and biodegradable material, which plays a significant role in producing biogas from MSW 10 . Anaerobic digestion, gasification, Pyrolysis, and landfill are the most WTE technologies used in the world 13 . Recent technologies have some advantages and disadvantages. For example, main problems caused by operation of anaerobic digestion could be related to high costs, complexity of installation, and its operation 14 Leachate leakage, loss of steady gradient of the burial center, high temperature, odor and gas production, as well as fire and explosion are important concerns from landfill operations 7 .
Recent studies have shown that one of the main causes of ozone layer depletion (OLD) is related to the diesel fuel of MSW recycling devices 9 .
As it can be seen in Figure 1 , transportation (about 40%) and electricity (about 30%) are the highest contributors to form the Global Warming Potential. Figure 1 presents that the world's Total Primary Energy Consumption (TPEC) stands over 150,000,000 GWh in 2015 and rises by 57% in 2050 15 . In 2015, CO 2 emissions from fossil fuel consumption of 10 countries were about two-thirds of the world's total rate ( Figure 2 ). Later, fuel was related to power plants and transportation sector that was responsible for about 616 million tons of Greenhouse Gases (GHG) emission in Iran 15 . Management of energy with a reduction in environmental pollution plays a key role in performing sustainable development and is impossible without environmental protection 17 . On the other hand, energy is directly correlated to security and development. According to WHO report, the death rates from air pollution are higher than other death types. More than two million people died from air pollution in 2016 18 . In a 10-year study, 37967 respiratory death cases occurred in Tehran, in which 21,913 (57.73%) cases were male and 16,047(42.27) were female equal to one-twentieth of the total air pollution casualties 19 .
Various methods are available for environmental impact assessment (EIA) tools:
The Analytical Hierarchy Process is one of the most comprehensive systems designed for decision making with multiple criteria, since this technique allows for formulating the problem in a hierarchical manner and increases the possibility of different quantitative and qualitative criteria 20 . The life-cycle assessment studies investigate the environmental aspects and potential impacts throughout a product's life from raw material preparation until production, use, and disposal 21 . Strategic Environmental Assessment is a systematic process for evaluating the environmental consequences as a proposed policy 22 .
Matrix is a new and fast method for EIA. The main strength of this technique is its flexibility that can fluctuate in size (large and small) in accordance with the type of project. Moreover, in the matrix method, positive and negative signs can be used along with the evaluation numbers to distinguish the unwanted effects. Due to the waste composition in Iran, application of WTE technologies was investigated by EIA matrix method. So, the main Jehsd.ssu.ac.ir 888 goal of this study was to investigate and compare the waste to energy conversion technologies in Iran and to introduce the best technology from the view point of sustainable development.
Materials and Methods

Assessment method
In order to evaluate the WTE conversion methods, various methods are available, but the matrix is one of the main methods for identifying and diagnosing the environmental effects of a project. This method has wide usage and is adapted to the environmental projects 23 . Environmental advantages have been adapted to various sources, such as California waste management studies and Montgomery Watson Consulting Company's management of waste management in Asia 24 . The experts' opinions about some of the criteria for evaluating and weighting can vary according to different criteria, but the difference in viewpoints does not seem to have much effect on the overall ranking. It should be mentioned that the optional ranking has not been important in this evaluation method 25 . In order to detect the proportional rates, most WTE technologies include anaerobic digestion, landfill with gas recovery, gasification, and incineration processes were compared.
The most environmental investigated factors include: emissions of pollutants into the atmosphere (dust, Particulate matters etc.), surface and groundwater contamination, Greenhouse Gas Emissions (GGE), public health considerations, disposal of residual waste, etc. In order to achieve the sustainable development and selection of the superior WTE technology, economical, technical, and environmental criteria were considered and assessed by Wooten and Rau matrix.
Wooten & Rau Impact Assessment Matrix
The Wooten & Rau method (Table 2) is a quantitative evaluation of the project using the algebraic matrix. In this matrix, the basis of analysis (based on the method presented by the multiplication of numbers) is related to the importance of effect on the domain 6 .
Typically, development of projects has a positive impact on the economic, social, and cultural environment, while the effects of these projects on the physical and biological environment are negative. In this study, the effects range from severe to weak. The severity of the effects is measured based on the impact of the project on the environment. Projects reduce the environmental perspective, but only predictable effects (environmental, social, cultural, etc.) are only evaluated. Moreover, all effects can be divided into two categories: The first category deals with the construction and maintenance of the infrastructure and the second considers the effects of the project operation. It should be noted that in many cases, the effects of infrastructure operation are unpredictable. In general, the economic and social impacts of the projects are positive. In terms of ranking, they are in a good situation, since the project at this time has reached a stage of economic prosperity.
Moreover, impacts can be divided into two categories of reversible and irreversible. For example, destruction of unique wildlife habitats is an irreversible effect and operation of the soil can also have a reversible effect.
Here, the evaluation of technologies is performed quantitatively using Wooten & Rau matrix, another form of the Leopold matrix.
As seen in Table 2 , each cell is divided into three parts. In the left side of each cell, the effect amplitude number with the positive sign (+) means positive and negative (-) sign shows a negative effect. The right part of each cell is assigned to the effect score. For each work, the score is obtained from product of the two numbers related to the "importance of the effect" in the "range of effect" and is placed at the bottom of each cell. After Vol (4), Issue (4), December 2019, 885-94 summing the scores, the positive and negative scores of each column will be calculated in the last row of the table. Finally, the total score of the project will be the sum of the total score of the last row.
Importance of the Effect
Given that the effect scope is for all common effects, the vast majority of existing references recommend the following range in Table 3 . 
Scope of the Effect
The existing evaluation matrix was used only at the identification stage and as a framework for those who intended to undertake a preliminary or conclusive assessment. Scope of the micro-activity of each project was considered based on the environmental, economic, and technical parameters for each technology separately. Scopes of effects were described as 1 for low, 2 for medium, and 3 for high effects of the projects.
As mentioned, one of the strengths of this technique is its flexibility that can become large and small in accordance with the project type.
Moreover, in the matrix method, positive and negative signs can be used along with the evaluation numbers to distinguish the unwanted effects. By applying this method, the consequences of all project-related activities, such as construction and operations were evaluated 9 .
Results
Waste to Energy Environmental Assessment
The main objectives of this study was to assess waste to energy technologies environmentally. Results of the environmental impact assessment of WTE technologies are shown in Table 4 . Vol (4), Issue (4), December 2019, 885-94 Jehsd.ssu.ac.ir 890 As shown, due to less environmental hazards, biological processes had a higher score and thermal processes has earned lower scores due to the environmental effects such as emission of toxic gases into the atmosphere 26 .
Considering all environmental aspects, anaerobic digestion technology has the highest ecological score (27, 102) 27 and the incineration has the lowest score (67), 28 . Gasification technologies and pyrolysis have the same environmental benefits.
Evaluation of the other sustainable assessment criteria
Evaluation criteria are given in Table 5 . Environmental assessment was based on the multiplication of numbers related to the effect importance in two construction and operation stages.
According to the type of WTE technology, the relevant scores (Wooten & Rau matrix) are given in Table 6 . As shown in Table 6 , anaerobic digestion technology has a score equal to -39; the bioreactor and gasification processes are equal to -66 and -79, subsequently. In other words, construction and performance of anaerobic digestion process in the long term have less negative environmental impacts than other methods.
Another factor that contributes to flourishing of The gasification technology is replacing it with incineration technologies in advanced countries. According to our findings, anaerobic digestion is a technology that can be used in advanced countries and is a complete technology to convert solid wastes into energy. Figure 3 shows the results of the environmental assessment carried out by the Wooten & Rau matrix. 
Discussion
The range of selected environmental factors was based on a variety of sources such as California waste management studies and Montgomery Watson Consultant on Management of Waste Management in Asia (0-30). In the case that a technology has one or more environmental negative effects, it will receive a low score. An average score is allocated if some of the environmental impacts can be ignored. Biogas production, from an anaerobic digestion, can be used as a fuel in a boiler to generate electricity; so, this parameter is considered as a positive effect and this technology will earn a high score. The landfill process also generates gas, which can be used to generate electricity. The probability of GHG emissions, ground pollution, and surface water are due to the leachate leakage and considered as negative effects. The issue of environmental impacts in landfills is very sensitive. New air pollution control devices can reduce the emission of fine particles to the strict standards, but in some cases, the high cost of these devices has increasingly led to shift the incineration technology. In England, incineration is no longer a suitable method for turning waste into energy. Negative points about incineration method, such as air pollution and high costs make this technology to receive a low score. Gasification technology is positively evaluated, because the amounts of gas emissions are low and residual solids are small and ineffective. The results of present study have shown that the earned scores indicated that digestion technologies had the least environmental impacts and were usable for waste to energy conversion. This technology will suitable for waste producing countries with high organic matter such as Iran.
Also, the electricity produced from burning the biogas is beneficial and supplies 'green power' for the local electrical zone 30 . A study by Evangelistivia showed that electricity production by biogas energy can be used in the power plant as a fuel 31 . Another study showed that the best and the most practical scenario could be included in separation of 60% organic matters and anaerobic digestion for biogas production. In this manner, maximization of separating and recycling the recyclable wastes such as PET, HDPE, glass, metals, etc. can be performed. When the alternative scenario is feasible, the global warming and the eutrophication potential will decrease to 166% and 646%, respectively 32 . A new modeling approach to calculate GHG and NH 3 emissions from anaerobic digestion processes was proposed. Post-digestion emissions and their relationship with the anaerobic digestion maintenance were the main factors affecting the net GHG emissions 33 . In another study, a full life cycle inventory was conducted for the combined dry anaerobic digestion and post-composting facility, including the waste received, fuel consumption, energy use, gaseous emissions, Vol (4), Issue (4), December 2019, 885-94 Jehsd.ssu.ac.ir 892 products, energy production, and chemical composition of the compost produced 34 .
Landfill by gas recovery (Bioreactor) has been used in developing countries over the past two decades and proper control has partly offset the concerns about atmospheric emissions and leachate production. Today, due to the reduction of land suitable for landfilling and the rapid filling of existing landfills, more emphasis is on the construction of recycling facilities. This action only transfers a small amount of non-recyclable waste to the landfill site 35 . Incineration is a good technology for recycling energy from urban and industrial wastes, which has been used successfully in industrialized countries on a commercial scale and has been a good record. However, the emphasis on controlling atmospheric pollutants in recent years has led to a huge increase in the cost of this technology 36 . Gasification process will get a better ranking if the number of facilities around the world grows.
Conclusions
Most available WTE technologies are compared in this study from the view point of environmental assessment and its effect on sustainable development by Wooten and Rau Matrix method. Results showed that performing anaerobic digestion technology will produce less environmental impact in long term. Subsequently, landfilling by gas recovery and gasification technologies will be ranked second and third in terms of environmental effect.
Furthermore, the results of this study indicated that more attention should be paid to anaerobic digestion process because of a wide range of different criteria. Gasification process will be gradually replaced by incineration technology, because it is more suitable to convert waste into energy. Finally, landfill gas recycling technologies (Bioreactor) can be used in certain areas as shortterm and medium-term options.
